Background: We aimed to assess the efficacy of second-line fluoropyrimidine-based chemotherapy in patients with advanced biliary tract cancer (BTC) after failure of gemcitabine plus cisplatin (GEMCIS).
Although surgical resection is the only curative treatment modality for localised disease, most patients experience disease recurrence even after complete resection; moreover, the 5-year overall survival (OS) rates of advanced BTC is B10%, and hence prognosis is poor (Edge and Compton, 2010) .
As the randomised phase III ABC-02 trial indicated that gemcitabine plus cisplatin (GEMCIS) yields significantly improved overall survival (OS), as compared with gemcitabine alone (11.7 vs 8.1 months), the GEMCIS regimen has been globally accepted as the standard first-line chemotherapy for patients with unresectable or metastatic BTC (Valle et al, 2010) . Eventually, most patients experience disease progression, despite GEMCIS treatment, and subsequent chemotherapy may help prolong survival and maintain the quality of life, at least in medically fit patients after GEMCIS failure. Previous studies showed that B50% of patients still have good performance status after first-line chemotherapy failure and may serve as candidates for second-line chemotherapy (Kim et al, 2008) . Recent advances in the supportive care, particularly biliary drainage procedures, may enable a greater number of patients to receive subsequent active anticancer treatment after disease progression despite the application of first-line chemotherapy.
The role of second-line chemotherapy in advanced BTC remains unclear. To our knowledge, no randomised study has been performed to indicate the survival benefit of second-line chemotherapy over best supportive care. Despite the lack of level 1 evidence, second-line chemotherapy has been widely used in clinical practice for patients with advanced BTC (Ducreux et al, 2005; Pino et al, 2009; Sasaki et al, 2009 Sasaki et al, , 2012 Kobayashi et al, 2012; Lim et al, 2012; Yi et al, 2012; Bridgewater et al, 2013; Cereda et al, 2013; Suzuki et al, 2013; Walter et al, 2013; Lamarca et al, 2014; Fiteni et al, 2014; Fornaro et al, 2014 Fornaro et al, , 2015 Brieau et al, 2015) . Although these studies have examined the efficacy and safety of second-line chemotherapy in advanced BTC, most were retrospective studies based on a small sample size and included diverse types of first-line chemotherapy. Hence, more data are needed to evaluate the efficacy of second-line chemotherapy in a large patient population that received the same first-line treatment. Such analysis will also be important for designing future clinical trials that investigate the outcomes of second-line chemotherapy after GEMCIS failure, considering the heterogeneous characteristics of advanced BTC.
In the present study, we retrospectively assessed the efficacy of second-line chemotherapy in patients with advanced BTC after the failure of first-line GEMCIS treatment. Moreover, switching to a fluoropyrimidine-based regimen is generally considered clinically appropriate in patients with disease progression on first-line gemcitabine-platinum combination therapy (Lamarca et al, 2014) , despite this not being validated in the prospective trial. Hence, we evaluated the clinical outcomes of fluoropyrimidine-based regimens and prognostic factors in the setting of second-line chemotherapy.
MATERIALS AND METHODS
Patients. Patients with histologically confirmed advanced BTC who received first-line GEMCIS chemotherapy at Asan Medical Center, Seoul, Korea, between April 2010 and June 2015, were identified, and their medical records were retrospectively reviewed; patients with ampullary tumour were not included. Among 748 patients treated with first-line GEMCIS, 331 (44%) subsequently received second-line systemic chemotherapy, including fluoropyrimidine-based chemotherapy in 321 patients (97%). The following information was extracted from the medical records of each eligible patient: demographics, tumour characteristics, performance status at presentation, best response to GEMCIS, time to tumour progression (TTP) from GEMCIS initiation, CA 19-9 level at presentation, date of disease progression and survival status at the last follow-up.
The tumour response was assessed at 6-or 8-week intervals using computed tomography or magnetic resonance imaging, and was graded according to the Response Evaluation Criteria in Solid Tumours version 1.1 (Eisenhauer et al, 2009) . The Institutional Review Board of Asan Medical Center approved this study and waived the requirement for informed consent.
Statistical analysis. Progression-free survival (PFS) was defined as the duration from the initiation of the second-line chemotherapy to disease progression or death, whichever occurred first. OS was defined as the duration from the initiation of second-line chemotherapy and any cause of death. Categorical variables were compared using w 2 or Fisher's exact tests, as appropriate. Overall survival and PFS curves were estimated using the Kaplan-Meier method and compared using log-rank tests. Univariate and multivariate analyses were performed to identify the prognostic factors for PFS and OS based on the Cox proportional hazard model with inclusion of variables that may affect the prognosis (sex, age, primary tumour site, disease extent, response to first-line GEMCIS, performance status, CA 19-9 level and second-line regimen). Multivariate analysis was performed using Cox proportional hazard model developed with backward likelihood ratio method. Key patients' characteristics, such as sex and age, and the variables that showed a potential prognostic significance (Po0.10) in the univariate analyses were included in the multivariate analyses. Two-sided P-values o0.05 were considered statistically significant. All statistical analyses were performed using the Statistical Package for the Social Sciences (IBM SPSS, Chicago, IL, USA) version 21.0.
RESULTS
Patient characteristics. The baseline characteristics of the patients are summarised in Table 1 . The median age was 60 years (range, 27-82 years), and 57% of patients were male. The intrahepatic region was the most common primary tumour site (44%), followed by the extraheptic region (32%) and gallbladder (24%). Most of the patients had metastatic or recurrent disease (89%), or had an Eastern Cooperative Oncology Group performance status of 0 or 1 (91%) at the time of first-line GEMCIS. The liver (41%) and intra-abdominal lymph nodes (41%) were the most common metastatic sites. The CA 19-9 levels were elevated in 51% of patients at the time of first-line GEMCIS.
Outcomes of first-line GEMCIS. All the patients were treated using the GEMCIS dosing schedule described in the pivotal ABC-02 trial. Partial response and stable disease were achieved in 9% (30 out of 321) and 59% (188/321) of patients, respectively. 
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The median TTP to first-line GEMCIS was 4.2 months (95% confidence interval (CI), 3.5-5.0 months).
Second-line fluoropyrimidine-based chemotherapy. Fluoropyrimidine monotherapy was used in in 79% (255 out of 321) of patients as second-line chemotherapy, including infusional 5-fluorouracil/leucovorin in 133, S-1 in 111, UFT/leucovorin in 7 and capecitabine in 4. The other patients (21%, n ¼ 66) received a combination of fluoropyrimidine and platinum, including capecitabine plus cisplatin in 60, 5-fluorouracil plus cisplatin in 2, 5-fluorouracil plus oxaliplatin in 2 and capecitabine plus oxaliplatin in 2.
None of the patients with available response assessments exhibited a complete response. Overall, complete/partial response and disease control (complete/partial response plus stable disease) were achieved in 8 (2%) and 142 (44%) patients, respectively ( Table 2 ). The response rate was significantly higher in patients who received fluoropyrimidine-platinum combination, as compared with those who received fluoropyrimidine monotherapy (8% vs 1%, P ¼ 0.009). Although the response rates were higher in patients with gallbladder cancer (4%) compared with those with intrahepatic (2%) and extrahepatic cholangiocarcinoma (2%), the difference was not significant (P ¼ 0.66).
Over a median follow-up duration of 27.6 months (range, 0.9-70.4 months), the median PFS and OS with the second-line fluoropyrimidine-based chemotherapy were found to be 1.9 months (95% CI, 1.6-2.2 months) and 6.5 months (95% CI, 5.9-7.0 months), respectively. There were no significant differences between fluoropyrimidine monotherapy and fluoropyrimidineplatinum in terms of PFS (median, 1.8 vs 2.6 months; P ¼ 0.43) and OS (median, 6.5 vs. 6.2 months; P ¼ 0.87; Figure 1 ).
Prognostic factor analysis. Univariate and multivariate analyses were performed to define the prognostic factors in patients who received second-line chemotherapy. Intrahepatic cholangiocarcinoma was the only significant factor associated with poorer PFS (vs gallbladder cancer: 1.6 months (95% CI, 1.6-1.7 months) vs 3.2 (95% CI, 2.7-3.7 months); hazard ratio (HR), 1.65 (1.17-2.32); P ¼ 0.004) on multivariate analysis (Table 3) . Prolonged TTP from first-line GEMCIS initiation showed potential association with favourable PFS on univariate analysis (44 months vs p4 months: 2.5 months (95% CI, 1.9-3.2) vs 1.8 months (1.6-1.9 months)), although only a marginal association was observed on multivariate analysis (HR, 0.79 (95% CI, 0.61-1.04); P ¼ 0.09).
Multivariate analysis for OS (Table 4) indicated that intrahepatic cholangiocarcinoma (vs gallbladder cancer: 5.3 months (95% CI, 4.5-6.0 months) vs 7.7 months (95% CI, 6.7-8.6 months); HR, 1.52 (1.08-2.13); P ¼ 0.02) and elevated CA 19-9 levels at presentation (vs normal values: 6.3 months (95% CI, 5.5-7.1 months) vs 7.6 months (95% CI, 6.3-9.0 months); HR, 1.50 (1.13-1.98); P ¼ 0.005) were significantly associated with poor prognosis. Prolonged TTP from first-line GEMCIS initiation was associated with better OS (44 months vs p4 months: 7.5 months (95% CI, 6.6-8.7 months) vs 5.6 (95% CI, 4.7-6.4 months); HR, 0.57 (0.43-0.74); Po0.001). Although the disease setting at presentation was not associated with PFS, it was significantly associated with OS. Initially metastatic disease showed poorer OS (median, 4.9 months (95% CI, 4.2-5.6 months)), as compared with locally advanced disease (median, 6.5 months (95% CI, 4.3-8.8 months); HR, 0.50 (0.31-0.82); P ¼ 0.005) and recurrent disease after surgery (median, 7.8 months (95% CI, 6.1-9.4 months); HR, 0.62 (0.45-0.85); P ¼ 0.003).
In the multivariate models that included potential confounding factors for the outcomes of chemotherapy, the fluoropyrimidineplatinum combination did not show a relationship with better clinical outcomes, although there were marginal associations with PFS (HR, 0.75 (95% CI, 0.52-1.10); P ¼ 0.14) and OS (HR, 0.70 (95% CI, 0.46-1.06); P ¼ 0.09).
DISCUSSION
In the present study, 44% of patients who received first-line GEMCIS subsequently received second-line chemotherapy. As fluoropyrimidine-based chemotherapy was considered a clinically reasonable option in daily practice, it was administered to most patients (97%) who received second-line chemotherapy. We found that fluoropyrimidine-based chemotherapy was modestly effective as a second-line chemotherapy in advanced BTC patients after the failure of first-line GEMCIS. Although higher response rates were noted, fluoropyrimidine-platinum combination therapy was not associated with improved survival outcomes, as compared with fluoropyrimidine monotherapy. Intrahepatic primary tumour location, elevated CA 19-9 levels, metastatic disease at initial presentation and rapid progression during previous GEMCIS treatment were identified as factors of poor prognosis.
In the present study, the median PFS and OS of second-line fluoropyrimidine-based chemotherapy were 1.9 and 6.5 months, respectively. Our results are consistent with those of previous studies, wherein the median PFS and OS were found to be 3-4 and 6-7 months, respectively (Fornaro et al, 2014; Lamarca et al, 2014; Brieau et al, 2015) . Although the PFS outcomes in our cohort appeared to be poorer than those in previous studies, it should be noted that our analysis was performed on an unselected patient population, unlike prospective studies, and that BTC may have heterogeneous clinical features according to the primary tumour site.
In the present study, fluoropyrimidine-platinum combination therapy was associated with higher response rates, as compared with fluoropyrimidine monotherapy (8% vs 1%). However, this did not translate into significant improvements in the PFS (median, 2.6 months vs 1.8 months) or OS (median, 6.2 months vs 6.5 months). This finding was also noted in multivariate analyses in which the impact of potential confounding factors was adjusted. Our results are supported by the recent multicentre retrospective analysis of 196 patients who received second-line chemotherapy after the failure of gemcitabine-platinum combination (Brieau et al, 2015) . In this study (Brieau et al, 2015) , the median OS with fluoropyrimidine monotherapy and combination treatment were 5.6 and 6.3 months (P ¼ 0.93), respectively. However, the lack of benefit of using combination regimens as a second-line chemotherapy cannot be concluded at present, as a previous multicentre survey analysis indicated potential benefit in terms of OS with combination chemotherapy, as compared with monotherapy, despite the absence of any benefit in terms of PFS (Fornaro et al, 2015) . The lack of benefit in terms of survival outcome with fluoropyrimidine-platinum combination in the present study could be attributed to the fact that most patients (91%, 60 out of 66) were readministered cisplatin as a partner of fluoropyrimidine, considering that all the patients in this study were already exposed to cisplatin and that the prolonged use of cisplatin may be intolerable in fragile patients after disease progression on first-line therapy. Although oxaliplatin is commonly used globally in the management of advanced BTC, it has not been approved for the treatment of BTC patients in Korea. Therefore, oxaliplatin could be given only in few patients of our cohort. Because of these conflicting results, further prospective studies are needed to define whether combination therapy is better than monotherapy, or to identify which agent is the optimal partner for the fluoropyrimidine backbone in secondline settings in advanced BTC patients. The ongoing randomised phase III ABC-06 trial comparing modified FOLFOX with best supportive care in the second-line setting may help to measure the efficacy of oxaliplatin-fluoropyrimidine combination. In addition, considering that the patients with advanced BTC after failure of first-line chemotherapy showed a dismal prognosis even with second-line treatment, more efforts are needed to develop novel agents based on the better understanding of biologic features of BTC.
Intrahepatic primary tumour site, elevated CA 19-9 level, metastatic disease at initial presentation and shorter TTP at first-line GEMCIS were poor prognostic factors for patients in second-line settings. These findings were consistent with the results of previous retrospective studies that included a relatively large number of patients. These studies suggest that high CA 19-9 level, metastatic disease at initial presentation and poor response to firstline chemotherapy (no objective response or poor TTP) were independent prognostic factors for OS (Fornaro et al, 2014; Brieau et al, 2015) . Given that BTC is heterogeneous in terms of its natural course and molecular characteristics (Nakamura et al, 2015) , these prognostic factors should be carefully considered when interpreting the results of prospective studies and designing future clinical trials.
To our knowledge, our current retrospective analysis includes the largest number of patients to date for a study on this topic. Compared with previous studies that included patients with various first-line chemotherapy regimens, our study population is homogenous in terms of that all patients received first-line GEMCIS based on the ABC-02 trial. However, the study design was retrospective in nature and conducted at a single centre, which could have introduced bias. Moreover, our analysis was limited to assessing the impact of CA 19-9 level and performance status in the second-line settings, as only these values were measured at the start of first-line chemotherapy. Serum CA 19-9 levels were not subsequently measured in most patients if the levels were not elevated at the time of initiation of first-line chemotherapy, and the performance status at the time of second-line therapy could also not be accurately estimated because of the retrospective nature of our present analysis.
In conclusion, fluoropyrimidine-based chemotherapy is modestly effective as a second-line chemotherapy after the failure of standard GEMCIS chemotherapy. The clinical implication of second-line chemotherapy in advanced BTC will be clarified in the ongoing ABC-06 phase III randomised trial, which aims to compare best supportive care and modified FOLFOX. However, there is still a lack of evidence regarding which regimen is most effective and tolerable after the failure of GEMCIS, as most previous studies were performed retrospectively and did not include a randomised trial design. Hence, further prospective trials, particularly with a randomised design, are needed to refine the second-line chemotherapy in patients with advanced BTC.
